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LIGHT DIFFUSION SHEET MANUFACTURING METHOD 

CLAIM(S) 

A method to manufacture a light diffusion sheet characterized by its 
comprises the following steps: a step of rotating an intagliated roll, on which is 
formed a micro emboss pattern for diffusing the light and of filling an ionizing 
radiation-curing resin solution at least in the concavity section of the intagliated roll; 
a step of contacting a transparent resin sheet substrate, which is synchronously 
traveling in the rotating direction of said intagliated roll, with said ionizing 
radiation- curing resin solution filled in said intagliated roll in the preceding step; a 
step of curing said ionizing radiation-curing resin between said intagliated roll and 
said sheet substrate by radiating ionizing radiation beam while said sheet substrate 
is contacting with said intagliated roll in said preceding step; a step of bonding said 
ionizing radiation-curing resin solution cured in the preceding step to said sheet 
material; a step of releasing said intagliated roll from said cured ionizing radiation- 
curing resin and from said sheet material. 
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DETAILED DESCRIPTION OF THE INVENTION 

(0001) 

(Field of Industrial Application) 

The present invention pertains to a method to manufacture a light diffusion 
sheet used for a light source installed at the back side of a liquid crystal display 
device. 
(0002) 
(Prior Art) 

The prior art light diffusion sheet of this type was manufactured by coating a 
transparent matting paint, in which are dispersed calcium carbonate or silicon 
dioxide particles, over a transparent sheet such as polyethylene terephthalate (PET) 
sheet (1), or by using a frosted glass sheet (2). 
(0003) 

(Problems of the Prior Art to Be Addressed) 

With the method (1), however, the light permeability is low because 
substances with different refraction indices, such as a binder and micro particles, 
are dispersed in the coating film, and because the micro particles absorb the light, so 
the liquid crystal display surface cannot be bright enough. One conceivable 
measure to this problem is to raise the brightness level of the light source. But, this 
is not preferable for it increases the heat energy and power consumption. Also, in 



2 



this method, uneven painting and gloss steaks tend to be generated due to convection 
of a paint in the processes of painting and drying. In addition, depending upon 
changes in the painting conditions, the gloss tends change. 
(0004) 

With the method (2), a frosted glass sheet is heavy, susceptible to breakage, 
and is difficult to cut. Also, its matting process is tedious for its use of sandblasting. 
(0005) 

In either method, (1) or (2), the produced ultra fine emboss shape is a simple 
shape determined by the processing method, and cannot control desirable values for 
optical characteristics such as light permeability and diffusion angle of transmitted 
light. 
(0006) 

The objective of the present invention, to solve the aforementioned problems, 
is to present a method for manufacturing a light diffusion sheet that is easy to 
manufacture and can easily control the optical characteristics. 
(0007) 

(Means to Solve the Problems) 

To solve the aforementioned problems, the method for manufacturing the 
light diffusion sheet of the present invention comprises: a step of rotating an 
intagliated roll, on which is formed a micro emboss pattern for diffusing the light 
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and of filling an ionizing radiation-curing resin solution at least in the concavity 
section of the intagliated roll; a step of contacting a transparent resin sheet 
substrate, which is synchronously traveling in the rotating direction of said 
intagliated roll, with said ionizing radiation- curing resin solution filled in said 
intagliated roll in the preceding step; a step of curing said ionizing radiation-curing 
resin between said intagliated roll and said sheet substrate by radiating ionizing 
radiation beam while said sheet substrate is contacting with said intagliated roll in 
said preceding step; a step of bonding said ionizing radiation-curing resin solution 
cured in the preceding step to said sheet material; a step of releasing said 
intagliated roll from said cured ionizing radiation-curing resin and from said sheet 
material. 
(0008) 

In the present invention, the resin is formed by an intagliated roll with 
concavity sections, so the micro emboss shapes can be accurately formed into a 
desired pattern. Also, a light diffusion micro emboss shapes are formed on the 
surface of the transparent resin and foreign substance particles are not dispersed in 
the resin. The micro emboss units can be formed by a rotation method using an 
intagliated roll while the sheet in web form is traveling, and the formed resin can be 
instantly cured by ionizing radiation beam. 
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(0009) 

(Embodiment Example) 

The embodiment example of the present invention is explained in detail with 
reference to the drawings. Fig. 1 shows the steps of manufacturing the light 
diffusion sheet of the present invention. Fig. 2 shows the manufacturing device for 
the light diffusion sheet as one embodiment example of the present invention. First, 
the manufacturing method and device for the light diffusion sheet of the present 
invention are briefly explained below. In Fig. 2 (A), 1 indicates the intagliated roll 
with the prescribed convexities and concavities, 2 the concavity sections of the 
intagliated roll, 3 the ionizing radiation-curing resin solution, 4 the sheet substrate, 5 
the pressure roll that contacts and pressurizes the intagliated roll 1, 6 the feed roll, 7 
the curing device for curing the ionizing radiation-curing resin solution 3, and 10 the 
coating device for coating the ionizing radiation-curing resin solution 3 on the 
intagliated roll 1. 
(0010) 

The manufacturing method for the light diffusion sheet of the embodiment 
example comprises: a step of filling 101; a step of contacting 102; step of curing 
103; step of bonding 104; step of releasing 105. In step of filling 101, the intagliated 
roll 1 on which is formed the light diffusion micro emboss pattern is rotated, and the 
ionizing radiation-curing resin solution 3 is filled at least in the concavity section 2 of 
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the intagliated roll 1. In step of contacting 102, the transparent resin sheet 
substrate, which is traveling synchronously with the rotation of the intagliated roll 1, 
is brought into contact with the ionizing radiation-curing resin solution 3 filled in 
the intagliated roll 1 in step of filling 101. In step of curing 103, the ionizing 
radiation-curing resin solution 3 between the intagliated roll and the sheet substrate 
is cured by radiation of the ionizing radiation beam from the device 11 while the 
sheet substrate is contacting with the intagliated roll 1. In step of bonding 104, the 
ionizing radiation-curing resin solution 3 to be cured and the sheet substrate 4 are 
bonded. The curing step 103 and the bonding step 104 are generally take place at 
the same time. In step of releasing 105, the cured ionizing radiation-curing resin 3a 
and sheet substrate are released from the intagliated roll 1. 
(0011) 

The manufacturing device for the light diffusion sheet of the embodiment 
example is explained in detail with reference to Fig. 2 (A). The intagliated roll 1 is 
made by making concavity section 2 in prescribed shape in a cylindrical member. 
The intagliated roll 1 can be manufactured by directly applying a lathe process to 
the cylindrical member, applying a milling process by a milling machine made by 
electro-welding, or by applying electro-welding to a cylindrical member. As for the 
material of the intagliated roll 1, the following can be cited: metals, such as copper, 
chromium, and iron; synthetic resin, such as NBR, epoxy, and ebonite; and ceramic 



6 



such as glass. The size of the intagliated roll 1 is not limited to a specific size but can 
be properly selected depending upon the size of the sheet having concavities and 
convexities to be manufactured. The intagliated roll 1, although not shown in the 
figure, is structured to be rotatable by its rotating device. 
(0012) 

As for the method for adjusting the viscosity of the resin solution 3 to a 
proper value, a fluid, such as water, oil, or steam, adjusted to a proper temperature 
is flown in and out of the hollow section of the intagliated rolls 1A - ID shown in Fig. 
12, to control the surface temperature of the intagliated rolls 1A - ID to the 
prescribed temperature. Generally, the viscosity drops as the temperature rises and 
resin solution 3 evaporates at an excessively high temperature, so nearly 15 °C -50 °C 
is appropriate. 
(0013) 

To make said fluid flow in and out, there are the following methods: the fluid 
is flown in from one side of the rotating shaft la of the intagliated roll 1A, as shown 
in Fig. 12A; feed pipe lb is inserted into the intagliated roll IB, and the fluid sent 
deep inside the intagliated roll IB is fed back along the inner wall of the intagliated 
roll IB by the feed pipe lb, as shown in Fig. 12B; inner pipe lc similar to intagliated 
roll 1C in shape is installed inside the intagliated roll 1C, and a fluid is flown 
between the intagliated roll 1C and the inner pipe lc, as shown in Fig. 12C; feed 
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pipe Id with multiple holes le (Fig. 12 E) is inserted into the intagliated roll ID, and 
the fluid jetted out of the hole le of feed pipe Id is fed back along the inner wall of 
the intagliated roll ID, as shown in Fig. 12D. In this case, the method applied for the 
intagliated roll ID is appropriate for evenly adjusting the surface temperature. 
(00014) 

As for the ionizing radiation-curing resin solution 3, a prepolymer or 
oligomer composition containing in its molecule a polymerizable unsaturated bond 
or epoxy group and/or said composition mixed with monomer can be used. As for 
said prepolymer or oligomer, can be cited the following: unsaturated polyester 
group, such as a condensate of unsaturated dicarboxylic acid and of polyvalent 
alcohol; methacrylate group, such as epoxy resin, polyester methacrylate, polyether 
methacrylate, polyol methacrylate, and melamine methacrylate; acrylate group, 
such as polyester acrylate, polyether acrylate, polyol acrylate, and melamine 
acrylate. 
(0015) 

As for said monomer, the following can be cited: styrene group monomer, 
such as styrene and a-methylstyrene; acrylate group, such as methylacrylate, 
acrylate - 2 - ethylhexyl, methoxyethylacrylate, and butylacrylate; methacrylate 
group, such as methyl methacrylate, ethyl methacrylate, methoxyethyl methacrylate, 
ethoxymethyl methacrylate; unsaturated acid-substituted amino alcohol esters, 
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such as acrylic acid-2-(N,N-diethylamino) ethyl; unsaturated carboxylic acid 
amides, such as acrylic amid and methacrylic amid; multi-functional compounds, 
such as dipropylene glycol diacrylate, ethylene glycol acrylate, propylene glycol 
methacrylate, and diethylene glycol dimethacrylate; vinyl pyrrolidone and/or 
polythiol compound containing in its molecule two or more thiol group, e.g., 
trimethyl propane trithioglycolate, trimethylol propane trithioglycolate, trimethylol 
propane trithiopropylate, and pentaerythritol tetrathioglycoL 
(0016) 

In case of curing said ionizing radiation-curing resin composition by ultra- 
violet ray, the following agents can be added to said composition: a photo- 
polymerization initiation agent, such as acetophenon group, benzophenon group, 
Michler-benzoylbenzoate, a-amylo ethyl ester, tetramethylthiuram monosulfide, or 
thoxanthone, and/or a photo-sensitizer, such as n-butyl amine, triethyl amine, or tri- 
n-butyl phosphine. To exactly copy the shape of the intagliated roll 1 with micro 
concavity 2, the viscosity of the resin is preferably 5,000 cps or less, more preferably, 
1000 cps or less. 
(0017) 

For the sheet substrate, a flexible resin sheet that can permeate the ionizing 
radiation beam is used. Its thickness is preferably in the range of 200 - taking 
into consideration the lightweight and thinness of the liquid crystal display device 
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and ease of processing the micro emboss. As for the material of the sheet substrate 
4, there can be cited: polyesters such as polyethylene terephthalate and 
polyethylene naphthalate; methacrylic acids or polymers of acrylic esters (i.g., 
acrylic resins), such as polymethylmethacrylate, polymethylacrylate, 
polyethylmethacrylate, and polyethylacrylate; polycarbonte; cellulose triacetate; 
polystyrene; polypropylene. The surface of the sheet substrate may be treated with 
a corona discharge process for ease of bonding if needed. 
(0018) 

The pressure roll 5 has a function only to pressurize the sheet substrate and 
its diameter is generally about 140 mm. The material can be silicon rubber, NBR, or 
EPT. The pressure roll 5 and the feed roll 6 are freely rotatable for feeding the 
sheet substrate 4. These rolls can corotate with the intagliated roll 1 or can be 
driven by a driving device. Also, it is possible to install the sheet-feeding device for 
feeding the sheet substrate 4 and the sheet reeling device for winding the sheet on 
which the emboss pattern has been formed. 
(0019) 

The curing device 7a is a device for curing the ionizing radiation-curing resin 
solution 3 by applying the ionizing radiation to it. Also, the curing device 7b may be 
installed for completely curing the released ionizing radiation-curing resin solution 
3a. The ionizing radiation beam here refers to electromagnetic wave or charged 
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particles having an energy quantum that can polymerize or crosslink molecules, and 
the generally used one is ultraviolet ray or electron beam. For the curing device 7, 
the following light source can be used in case of ultraviolet ray: super-high-pressure 
mercury lamp; high-pressure mercury lamp; low-pressure mercury lamp; carbon 
arc; black light lamp; or metal halide lamp. 
(0020) 

In case of electron beam, can be used the devices equipped with the radiation 
sources having various electron beam accelerators, such as Cockcroft Walton type, 
Van de Graaff type, resonance transformer type, linear type, insulated core 
transformer type, dynamitron type, and high frequency type. As for the energy 
level, the electron beam having 100 - 1,000 Ke V, preferably, 100 - 300 ke V energy is 
radiated. The radiation exposure is preferably 0.5 - 30 Mrad in general. 
(0021) 

-a 

The coating device 10 is a device for coating the ionizing radiation-curing 
resin solution 3 on the intagliated roll 1, and a nozzle coating device (shown in Fig. 
2) is preferably used. The nozzle coating device has a specific size of nozzle with a 
linear or rectangular outlet in T-die form, and the longitudinal direction of the 
nozzle outlet is orthogonal (width direction) to the intagliated roll rotating direction 
to cover a specific width in the total width of the intagliated roll 1; the nozzle is 
equipped with a mechanism that pressurizes the ionizing radiation-curing resin 
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solution 3 and jets it out over the intagliated roll 1 in form of resin solution curtain. 
The coating device with a nozzle has preferably cavity 12 at some point along the 
nozzle in order to reduce an uneven amount in jetting and variation over time. As 
for the coating device, a roll coating method or a knife coating method may be 
applied to sheet substrate 4, other than the above method. 
(0022) 

Moreover, although not shown in the drawings, the ionizing-radiation-curing 
resin solution 3 can be coated on the sheet substrate 4 in stead of the intagliated roll 
1, and the coated film surface on the sheet substrate 4 can be pressed against the 
intagliated roll 1 by the pressure roll 5. To accurately transfer the micro concavities 
and convexities free from air bubbles to the film, it is preferable to coat the resin 
solution 3 on the intagliated roll 1. 
(0023) 

The solvent drying device 11 is a device for evaporating the solvent used for 
the resin. As for the solvent drying device 11, hot air or an infrared ray heater can 
be used. Installation of the solvent drying device 11 allows the use of solvent type 
resin, which in turn broadens the range of resins that can be selected. In addition, if 
the non-solvent type ionizing radiation-curing resin 3 is used, the drying device 11 is 
not necessary. 
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(0024) 

The method to manufacture the light diffusion sheet of the embodiment 
example is explained below along with the operation of the manufacturing device 
shown in Fig. 2. First, the ionizing radiation-curing resin solution 3 is filled in the 
concavity section 2 of the intagliated roll 1 (step of filling 101), and the sheet 
substrate 4 is brought into contact with the resin 3 filled in the intagliated roll 1 
(step of contacting 102). 
(0025) 

As for the method for filling the ionizing radiation-curing resin solution 3 in 
the concavity section 2 of the intagliated roll 1, as shown in Fig. 2, a specific amount 
of ionizing-radiation-curing resin 3 is preliminarily coated on the surface of the 
intagliated roll 1 and, when the sheet substrate 4 is supplied to the intagliated roll 1, 
the coated ionizing radiation-curing resin solution 3 is allocated to and filled in the 
concavity section 2 via the sheet substrate by the pressure from the back surface of 
the pressure roll 5. In this case, the solvent type curing resin can be used. To 
control the fluidity of the ionizing radiation-curing resin solution 3 coated on the 
sheet substrate 4 to a certain extent, the solvent used for diluting the solvent of the 
resin solution is dried away by the drying device 11 and, further, by using the curing 
device 7a, the resin solution 3 the solvent of which is dried is semi-cured. One unit 
of the curing device 7a may be used, as shown in Fig. 2 (A) but, as shown in Fig. 2 
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(B), multiple units of (5 units in this embodiment example) of curing device, 7a - 1 - 
7a - 5, may be installed to cure the resin solution 3 in the roll cavity section in 
multiple stages. By so doing, a sufficient radiation level can be produced even the 
traveling speed of the sheet is accelerated, and the gradual curing is preferable for 
its reducing the warp of the cured resin solution 3 and the curl of the sheet substrate 
4. 

(0026) 

Subsequently, while the sheet substrate 4 is staying in contact with the 
intagliated roll 1 (more specifically, the period while the sheet substrate 4 is between 
the pressure roll 5 and the feed roll 6), the ionizing radiation-curing resin solution 3 
is cured by the curing device 7a (step of curing), 
(0027) 

In this embodiment example, when the ionizing radiation beam is radiated by 
the curing device 7a, it is radiated from the side of the sheet substrate 4, but it can be 
radiated from the inner side of the intagliated roll 1 by forming the intagliated roll 1 
by the ionizing radiation-permeable material, such as glass or quartz (more 
specifically, by the radiation device installed inside the hollow cavity of the roll). 
Also, the radiation may be done from the side of the sheet substrate and from the 
inner side of the intagliated roll at the same time. 



14 



(0028) 

The ionizing radiation-curing resin solution 3a in the concavity section 2 of 
the intagliated roll 1 is bonded to the sheet substrate 4 (step of bonding 104). By this 
time, the resin has been cured enough at least to eliminate the fluidity of the resin 3 
and generate the bondability to the sheet substrate 4. 
(0029) 

The sheet substrate 4 is, after passing through the curing device 7, released 
from the intagliated roll 1 (step of releasing 105). By this, the cured ionizing 
radiation-curing resin solution 3a is integrated into the sheet substrate 4 but is 
released from the concavity section 2; thus, the light diffusion sheet 9 having the 
roughened surface can be manufactured. 
(0030) 

In the following passage, the light diffusion sheet manufactured by the 
method in the embodiment example and the liquid crystal display device equipped 
with said sheet are explained. The liquid crystal display device can be any publicly 
known type, e.g., a black and white type (including a natural colored). Or it can be 
a display device for displaying numerical values and characters, such as that used 
for clocks, electronic calculators, various measuring instruments, and 
wordprocessors. Or, it can be a general image display screen of a monitor for 
televisions and computers. 
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(0031) 

Fig. 3 shows one embodiment example of the liquid crystal display device 
using the transmission type light diffusion sheet The liquid crystal display device 31 
itself does not radiate the light, therefore, is illuminated by the light source 32 
installed behind it to improve the visibility of the display screen in the darkness. As 
for the light source 32, a fluorescent lamp or an incandescent lamp can be used, but 
a white fluorescent lamp is preferably used for its white color, low energy level, and 
long useful life. The light source 32 is housed in the light reflection frame 33, is 
reflected at the reflection sheet 34 on its back surface, and illuminates the liquid 
crystal display device 31 via the light curtain 35. In this case, it is necessary to use 
the light diffusion sheet 36 for diffusing the permeated light from the sight source 32 
in order to conceal the light source 32 and produce the uniform brightness on 
display screen. The light diffusion sheet 36 is a sheet for diffusing the permeated 
light and has on its substrate 36a micro emboss layer 36b made of cured ionizing 
radiation-curing resin. 
(0032) 

Fig. 4 shows the embodiment example of the liquid crystal display device 
using the reflection type light diffusion sheet. On the back surface of the liquid 
crystal display device 41, transparent acrylic photoconductive plate 42 is installed. 
This light diffusion sheet 45 diffuses the reflected light and has, on its back surface 
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45a, the light reflection layer 45b made of metal film, e.g., aluminum, chromium, or 
silver film, while having, on its front surface, the micro emboss layer 45c made of 
cured ionizing radiation-curing resin. If necessary, the base board 45d may be used. 
This option can be applied to the transmission type light diffusion sheet too. 
(0033) 

Fig. 5 - Fig. 9 show a few examples of the light diffusion sheet manufactured 
by the method of the present invention. Fig. 10 and Fig. 11 illustrate the optical 
characteristics of the light diffusion sheet. The light diffusion sheet functions to 
diffuse and permeate or diffuse and reflect the light from the light source (line 
source or point-source light), and its important points to be noted are as follows. 
(0034) 

1) When the light is diffused in the isotropic direction like a frosted glass does, 
the light is diffused in the unnecessary tangential direction to the light diffusion 
sheet, so the light cannot be used efficiently. Therefore, the light diffusion sheet 
makes the light to be diffused in the range of angle which the viewer can use. This 
range of angle is a half-value angle 0H. The half-value angle 0H refers to the angle 
range wherein the light transmittance (or reflectivity) in the normal direction N 
from the display screen is reduced as the angle from the normal direction increases 
and the light intensity I drops to Vi of the transmittance (reflectivity) in the normal 
direction N (Fig. 10). 
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(0035) 

The half-value angle OH, although it varies depending upon the use purpose, 
is preferably approximately 10° <> 0H ^ 60° in general, more preferably, 40° <> 0H < 
60°. However, when it is used for the monitors of televisions, wordprocessors, and 
computers, the visual field in the horizontal direction is required, so by presetting 
the horizontal half-value angle 0HH and the vertical half-value angle 0HV as 40° < 
0HH <, 60°, 10°^ 0HV <> 20°, respectively, the light energy can be efficiently used 
and the screen can be easy to view (Fig, 11). 
(0036) 

2) The light transmittance (or reflectivity) and its angle dependency need to be 

constant and uniform in every area of the light diffusion sheet. 

(0037) 

3) The shape of the light diffusion sheet is formed to meet the requirement 1) 
and 2), but the preferred shape is shown in Fig. 5 - Fig. 9. Fig. 5 - Fig. 8 show a 
generally called reticulated lens and its variant form. The light diffusion sheet 50 
shown in Fig. 5 is formed by multiple hemispherical optical elements 51. The light 
diffusion sheet 60 of Fig. 6 is formed by multiple optical elements 61 shaped in cone - 
shaped cavity. The pitch of optical elements is Pmin = 100 jum. The light diffusion 
sheet 70 shown in Fig. 7 is formed by multiple optical elements in cone shape 71. 
The apex angle can be processed to 90°, 110°, or 120°. 
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(0038) 

On the light difusion shet 80 shown in Fig. 8, multiple optical elements 81 such 
as isosceles prisms are arranged. In this sheet, the apex can be 0 =90°, 110°, or 
120°. The pitch of these optical elements is Pmin = 70 //m. Also, if 50 -10 //m flat 
section 82 is made between each of the optical elements, processing accuracy will be 
more improved. 
(0039) 

The light diffusion sheet 9 of Fig. 9 is formed by positioning multiple optical 
elements 91 in shape of Fresnel lens or its variant form. The convex shape of the 
optical element 91 needs not be a set of concentric cones, as shown in the figure, but 
can be a set of convex lenses in concentric polyhedrons (prism, tetrahedron, 
pentahedron, hexahedron, heptahedron, or octahedron). 
(0040) 

As for the reticulated lens or its variant form, for example, multiple 
polygonal prism-shaped, prismoid-shaped or cylindrical lenses can be arranged in 
the isotropic direction on a same plane. If a right triangular prism (or prismoid), a 
square prism (or prismoid), or a hexagonal prism (or prismoid) is used as a reticular 
lens, the lenses can be arranged without any space between them, and their shapes 
are isotropic, so the equal half-value angle can be provided to them in the horizontal 
and vertical directions without a local variation, which is desirable. 
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(0041) 

The micro emboss layer can be formed on either the front surface or back of 
the sheet substrate 4, or can be formed on both surfaces. As one example of forming 
the light diffusion layer on both the back and front surfaces of the sheet substrate, 
for example, there is one wherein the light diffusion layer having hexagonal pyramid 
shaped micro lens elements 61 are formed on the front surface (on the side of liquid 
crystal device) and the concentric light diffusion layer is formed on the back surface, 
as shown in Fig, 9. 
(0042) 

As for the method for processing these shapes, there are the following 
methods: 1) a method of applying a lathe process to the surface of a metal roll 1; 2) 
a method wherein a metal prototype is processed by a numerically-controlled 
cutting machine, and the prototype is baked, or a method wherein, by using as a mill 
the convex and concave shapes transferred from the prototype to a separate metal 
by a welding method, the convexities and concavities are processed on the 
intagliated roll by a mill processing method; 3) if the sectional shape of the 
intagliated roll in the normal direction is simple, a publicly known photoetching 
method can be used. 
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(0043) 
(Advantage) 

As explained above, in the method of the present invention, since the resin is 
formed into the shape of preliminarily designed intagliated roll, an exact copy of the 
micro emboss in the desired shape can be accurately formed. Therefore, the light 
diffusion sheet with the desired diffusion characteristics can be manufactured with 
high precision, and the unevenly bright light is not generated on the display screen. 
(0044) 

The light diffusion micro emboss is formed on the surface of a transparent 
resin and foreign substance particles are not dispersed in the resin, so the light 
diffusion sheet without a light loss can be manufactured. 
(0045) 

Since the micro emboss units are formed by using the intagliated roll while 
the sheet substrate is traveling and the formed emboss units are cured by ionizing 
radiation beam, the mass-production of the light diffusion sheets becomes possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the steps of manufacturing the light diffusion sheet of the present 
invention. 

Fig. 2 shows the manufacturing device for the light diffusion sheet as one 
embodiment example of the present invention. 
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1. Intagliated roll 

2. Pressure roll 

6. Feed roll 

7. Curing device 
10. Coating device 

50-90. Light diffusion sheet 

101. Step of filling 

102. Step of contacting 

103. Step of curing 

104. Step of bonding 

105. Step of releasing 
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[0001] 
[0002] 

Xfl/>fU7^I/-b { PET) y-^Oifflfli/- 

ti^mmmmmmxixmrnifzo. ©ftowra* 

[0003] 

C 0 0 0 4 ] i o 0 BffiO^tli , « 

fc , seffliux t, »«cwt t j: * . a» a> 40 

[00 053 KTE(D. ©<0V^-«i"C*oTfc. 
ttHx>tfx#Rii % iraXSKJ: 0ikfc2tihm%B 

[00 0 6]*jfMi*>BW(i. mwautefmx,. » 

[0007] 



WHWS- 1 6 9015 

2 

«(c«Lr, Hfflo-/l/IHK^IIIK*|ftlfc:HJfflLr*|fil 
t&»B«IBIy- bS«Sr««3««J*ISfc /WE 

^mi^TfiE^-h^WMen^iHi^tz^Lr 

v^fflt. *ED-;naKt«Ei/--h««iafc:*&i|| 

4 ^fcXfl i: /«E«CLST«fl:+ & tffitHEtttttft 

t /«IE**XSt»#LfeWEWHia«^tt«» 
fc^WttofcHilEy- h2£tt*fflEn-JWSK*^M» 
**M«iXgfa&*trflMcfc Lt£>£. 
[0 008]/ 

[ftUfl] *JW!J;:J::h,tf, Da«*ton-y|.nfllRfc:J:-3 
/[0009] 

[nsfe^3 ht, mrn^zgmix. mmiz^x. 
■we J: zytteftLis- h <D$m$iE<?>mkw * ^ ttzmx- 

(A) \,z&\^x: 114iWaeoGafl3WejR$*t^n-;Uia 
JR, 2(i^con-;Hia)KlcoiH^. 3l±^Mf^^ 

7(±m»»ttwfcttjais«3 «rwtrifc«>«oflMfcS! 

it. 1 0 (i«Ktt»tt Wfcf4^fliS 3 u-;waK 1 (I 

[00103 w<o*isw<o5etttt^- ho^it^i. 
muz^t^oiz^ 3t«xsi oi. mtexm 02. 

Wfclfil 0 3, «»X^104. IWflDlglOSfc^ 

fittllx>*^^ofi^*Sft^D-wroi 

^Oo-;UQa)Kl^^<tiO!}^2Cct^t&tt 
tt»ffctt«IKR3«:*««I8'Cft6. ^IttXSlO 
2*i, ^XSl 0 1 t-D-/MH]JKl t:3t«S*ifclDl 
tttttft9fl:ttBUSS 3 » L X. o-iUHIR 1 coated 

6XST'**. «flaai0 3(i, mMxn\02X'^ 



(3) 
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3 



4 



fflt?&nmwim{m®$m3 1 ^- hg#4 1 £ ^uxxf;M^^ y k ^ux-t/m ? ? y u 

®%zit%xnx'bh. warn 1 0 3tm*x -k *y:*-;M>>yw-K y^sxx^y^ 
aio4«i, mftmmzmn^z. imixsiosuu yu-h«, ^'jxxr^r^»j^- 

»xgi0 4^»Lfc«mm««fl:ttBfjBS3<?!> k x^i^yp-K *7i^yr?yu- k * 

xsr** . 7 $ >r ^ y u- vmmr? y i^- ^atwatf £>ii 

[00 1 1 J ±fcH2 (A) £#S£L*r**&. <r 10 

£. n-;WHIKl«i, n»tt<oJK»fc:, f&£t&m£^ -^f-^xf-by^coxf-^v^mafr/r^y;^ 

*«)D3»2SrR(tfet>W*S. '£<Do-;W!!IJKlfcL ^ r ? y;Hj- 2 -x^/P'v^K T?y/Hf* 

n©*<0R*lfc:S8afc«!lDXLfe 0 . Lfc h*^xf-;k T7 y A*r?vk #07? 'J;U»x>c 

S/WciSS/USnX^-CfflBii-rs**, £J: r/U«.^*7y/l«**;k **?y/HBx?-;k ^ 

a. ft^fiO^JH. nbr. x**s^ xtKtM MF<o£ ;Hfo>^^>J;u»xxf^a/'r^ , Jyi'»-2- 

*. o-;nyuKi^*$sii, i*tcH£S*ii*. rsv r;W3--/i *x*t/us,. r^y/wrs h\ 

txm'MmiR?&Z\ttfX'Z2>. =Sri5, H^L&v^\ ;Ty 3-/1^7? y U-k xf-py^yn-;ur^y 

n-/HaJRl(i. B»Sa*^*tfefililtEffi»t4J:o u-k roeixy^y nwUx*?? y lx-k S/'x 

[00 12] ifc, m&lt:£otz. fflll»E3<DttflK: ft/tfx/Hrny K>\ fcJtf/ifctt^+^fflJa 

Bfr^iit:Wfi1-4*Sfc LX. Hi2C^Lfcn-/u ±of-^-;i^t^4.ifyf-*-rt^k^lSj/Witf, 

EflKl A— 1 Dcoiotc, rtSSr+SfcU *tf>+ffiS hy^-7'n-yurn/^yhy^^y l*y> 

ax. aass*, n-/nH»si a— i DoJKnasa** y h-jw h^f-^y a-n^f^wf 

■4«^tt«*w&o^ *arr&fc«iiiM3ojMW 30 t^; frid^JS^^>fi:ttfflit<o^^(c^s^^j 

x:-5ox:a $ *»lv\. -w>fyKy/x-F, a-rso^yAxxf 

(00 131 iwISa&£aA. aft£tf&C ;k Th?p<7^M^7A*yiJ7P7T^ k f-^if 

«4. 012 (A) 0)t?tz % a«;HgjKi acoEUkWI yhva,.»^/X«j|» , a«li:LTn-yf-;UrS 

<B)<oj;?£. n-MMElB^rt«fc: % iHO^lb tft^lrfflv^ct fc*&. "ifc, d^SBSW^J: 

£»A U 1 b ^ J: o-Cn-;PD0)K 1 B^UfciS o tdSA^DO^ 2 *fativ-A>WR 1 OJBttWSIIfc: 

o^a^$rn-;Ptyi(Kl B«0ftStJB->TRt**^/ ®otzMzi±^ tt*«45 0 0 0cps WF. mz^ 100 

HI 2 (C) co«t?C o-rt^HKRlC<?)rt«{c, n- Ocps OTtC^ ^ U ^ 
/HHBRlCfc**a<W»Ort^l cSrRft. o-;HHJRi 40 [0 017] y-h*B4«. ««S**^jaBattt 1i r 

ctrt*i cOHta*«ra-f*3*^/Hl 2 (D) <o Stt^^ffllg^-h^v^ti, ff$(iStlixy^x 

J:o(c. o-;WHI«lD^SP(c. ^7Ll e CSl 2 ^OMXOt^t^. 

(E) mmkl-tt>titz&*)<g\ d$rlfAL. a ^00-1 2jum{£<0&»0L<0 

0*1 dO^Tll e*>^«ltLfeaft=«:o-;HHBElD * s **L<fflv^*iS/*/-ha6W4tf!>*rKt LTtt. 



[0014] -mmitm<t&m$m3tixi*. xvxwTpvis-bz&jtfTrvn&iMtT? 

yv--^yrfv-tiJ:^/4jtli«Hcfrm:a*L 50 y*-#*-h. =»K-fe;i,n-x, sK'Jxf-uy, # 




5 

[0 0 1 8] #PEo-/U5tt, >—h^4^#E-C^ 
iitfj;^**, 3i*itgl4 0mmSJK<?5*&St\ *<0 
tMtt^'jnyr/A, NBR, EPT*-CJgjS-t^ifc 

D-;HHIjKl ofiig J: ^il^gtcj: 

[oo 1 9] «ft»«7att, wmmzmLx. 

Stf* Mfl^H7b£S(tT«>J:K 

£fi§Ui4x*/i,*-j^£:frir*fc^£»ft 

hLxJmsmn$&iz\±^ *we*&*l tE^m 
t\ *9iv>\?4 ^yyr^itm^m^hzt^X'^ 

[00 2 0] ifc, n-y7D7h7 

ESS, asvM«»SL :Mt$hn;/£L ifE&S 

ZbtfZ't* 100-1000keV. #£L<(il00 
-3 0 0keVfl5x*;l,*-S:ftott^gg9H-ft. B^f 
&S£LTfcL il£0. 5-3 OMrad L 

[002 U wxsm i oii, ««ttit«»a:ttffijisffi 

*anELT^-ryttCo--;UDfljiRi Ji^tttaj-fSfc^) 
fcffiHl 2£Rlt*fc i\\ $^>tc. ^IgElOfcl 

4 y^-y^nm^ttmzXhiMjLimzmmLx 

[00 2 2] ifc, E^lilTV^V/, ©£&feft&® 
fl:ttffllS«3.*:D-/W0!lJKl±^(i^< i S/-M6« 

4i(:ilLfcftl:, ifEn-yi^Kiot, o-MO 
KiCx- K&#4 ±0>S6JRffi*»E* & £ £ 



(4) 6 90 1 5- 

6 

*fc*>ieidL- o-^iajSRiiaccfljiifffssttx-rs*^ 

[0023] 1 1 (i. SU3<08M£43?fc3 

io «*ftttfflB»3*ffli^^t«, ie«asBi 

[0 024] H2tc^Ucl^^l&^i:i 

if, n-;na"Rl(0IH]»2C «?m*tt*«-fl:tt8US 
S3££ISffil OK J: 9 ft* I (3t«ISl 0 1 ) , 
hgtf 4 l £ft«Stffct863lcLS 

[ 0 0 2 5 ] \l £"C\ «teWiaWtttfflfli« 3 Sro- 

/wiajKi*ocfla52t5t«-rs*attr«i. 02c^u 

tttMtS3£i!)r£j^XLTMvt. !Mx-h4^o 

fflW^OffEKJ: 9. £tt^-h4£;frLT, &T?**i 
T ^5 «M »9t»*-ftttfi8ffiS!t 3 SrlHJS 2 tie»3E« 

x-h^4C^I$iX^S|^^^ttS|Ji^ 

3<i, 8BBfi«:**fiJBt»l»f SfcWc, -E-cO^It?SE3 

lfccfcOtfcflMfcfeU WfcSB7at:J:0. ^ 

30 *J*^L3tfflJB«3t*WtS^. «fti5B7a 
(212 (A) fc^LfcidtcUfclT'tiu^ lsd2 
(B) ffinUB (i^HtSWCW, 5fl) 

0«flaiK7a-1^7a-5S:ift(t, o-yHHIKlrt 
^fflll«3 6*SBCWtSli:SJ:5fc:LttJ:v^ C 
OJ: 3 (cfiitf , hffl*4«0*|6ij«flE&a< LX 

-;i^»^fefflEa-*--& Steffi 

[0026] »ivt\ x-h*B4**D-/HH]JSRl (Cf# 

J:9«iS*t»«fl:tt«]||«3«:WfcS*S (SiblS 
103) . 

[002 7] Srfcu iOjWWCJi. «ft«ffl7atJ: 

tt<?Wfiatt**J:v*«t:J:»)»«LT. n-;PDflK10 
rtSltlilJ:0®J«-*ii:fc"C*& (ft*WC«ia--/u+ 

50 DflliSrttflBtMffid^aaitLrtiJ:^. 



(5] 
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[0028] Wt»a7fcJ:0. o-;HaiSRl 003^2 

(^ilfll04) . e<0i:£. @-fb£3* 
(i. '>i<4:fcfflili3^8S»tt**fcii-, in. V-h 
&#4 fcO««ttS:4t5^4S«-C**i(f in. 
[00 2 9]«fc£H7*»aLfc|jL >—h£#4£ 
o-/HHIKl*»6*JK+i (HKXS1 05) . Cfifc 

W4h-#^t. GflS2*^K*$*u EIiMlffi* 
*Tf 4#ttftS/- h 9 . 10 

[0030] <5ctc. «IOlBtWt:J:S*ffifl!ffl$<t& 

fcO, a»-Ct*7- (^»feSr*tf) Tt>J:V\-i 
"/si. BSfh ?S^*±it»«. £«H-E. 7-Km7 

nu ti/tva yffl, ^twa^asA^-^ffl?^ 
[0031] H3ti. aas<?>*tefiS[y-hj:fflu3ta 

TW 3 Hi. *ftifMifl*L4n<0T\ flSftfrtc^ft 

WL^xwnth. %m^2tix\^ mm. ftsksm 
3ti^3 2(i. *RS*»3 3rt«ciR*snrfc»), mm® 

tf)K»«3 4-CRItS*U fV3 5£jiL*t. & 
*^r**TM 3 l£H9J-f&. C<Di:£. *$3 

5/-h"C*->T. 03 (B) l^ti')^, S'-s&tf 
3 6a t«WW««(tttfflllS^»fl:» «t 9£&&*sx 
y ifsX m 3 6 b aWMt Zhfct> VX'h b . 
[00 323 04<i. ^fico*Jtfftx--h$:fflv^« 

TW 4 1 <03*Meti. ikWxT? 'J;U»«I*«4 2 
#&&£ivCfc9. CO«*«4 2WMffiC. 7m 

^4 3rtClRS$fUt^BffiFL7>'r4 43& s K(t^ 
*VCn*. S5fc£4 2c7)&®ic(^ M 5tf 40 

SfcStf^-KC&oT. 04 (B) tTjrf J; die. >- 
-b£W4 5a<0S®tc x TVUS-^A. ^DA, ^ 

«««fttt«iB^BHfcfljJ:9^&fi)l«xy^ja4 5 c 
*W*3ftfciO"C*4. fcfc. *fi«Cfl;tfflR4 5d 

[0033] H5-09(i, mzmz&6w&-x&iz± 
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[0034] (D i-f, 3lfitttt^-Hi. *9 (H9> 
¥&#0H ii. j^BfflOj^#ANO&&* (ifcli 

atssai^ftift^NcojSja* (s^jirat*) 01/ 

2*t'««-4-*ft*KH£i*d (HI 0) . 
[003 5] *m%0\i fcL ffl&Kii&tf. HSWfc 
ti, *¥*|fik 1 0* ^60' g£ 

#Jff*U*. <fc9$f£L<li. 4 0- ^<?H ^60* H 

^<9HV^#/? % 4 0* g^HHg6 0* .10* ^^HVg 
2 0' &J&£-r&t. *X*/U¥-C0flJffl3»^#fiff-C 

^oBffiifiJW-^ (011). 

[ o o 3 6 ] o mz. %c?>7mm (ttz&mw) 

[0 037] O H±«O<D0«:»)t-rJ:ot:»*tRlt 
•f^^ #4U^»ttfcLT(iH5Ha9fc:^Uc«*< 

i^XXIi*<7)£ff^-C#>S, 05ic^L^^S5[x- 
h5 0^. ^ajgOjt^^S 1 £$>%BS.Ltli>0)? 
hh. 06(c^L^5tra^-h6O(i. ^BIC|ftiA»o 

LfctOtM. e-yf-Pnin = 1 0 OjumfUTCfc 

07(c^L^m^^-h7 oa. nst»o*^« 
• . no*. 12 0* <o^-«i-ct>iDX/Hrte-c* 

[OO38] f 08(C^Uc^M:S5[^-h8O(i, 23ftZl 
Eft3»^ryXA«o*WR^F 8 1 $:^l&KSL/s: 
tO-Cfcft. dT. 11^^ = 90* . 1 10- . 12 

o* ov^Tfcari)&««ri8"C*&j.±fc. e-yf-Pm 

n =7 0jtzm^r^>|,. «r*5, 08 (B) p 

[00393 09(C*U:7fcfcftx-h9Ott. 
7U*^ixyX4fc"if<o^OJB«^L)t*** ; F9 

&mtm<n£im<opmux'i&<. &&&&& 



(6) 
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4, 5, 6, 7. 8%m) m&ttmmt&t 

[004 0] ^C0ftil(ct. mcDBUyXXlttmcBt 
LT(i, MUf. %ft&. PtfiS. *tM$ft&te<?>n 

«»fcJ:MEIM,*<»4U*. 
[0 04 1 3 4*:. «*xy;fOUKi. S/-hS«4tf) 

;Utt^K»C[!aCi^£-iDl-r&*1S. OJR^jfitt#|fi| 
[004 3] 

[&BJJO&3I] a±RL<K«LfcJ:lc. *JMMcJ:*i 
[00441 4*:. iS^MIIifi«ffifc«a«tto«saix 

[0 04 51 ££>(C. 4»«»>Xy^05/-h»t**iai 

D-/PEttR*ffl^tlftl»3B*^ia*ax 



WRW5-16 90 15 

1 0 

[01 3 ^^Jr&^^^-hO^t^O^ife^ 
[02 3 *«Bfc:J:5*a:fti/- b^mm^^mm 

[H3 3 S&MO^Ifci'- b*ffl^fc«ft«^*0 
[B4 3 ^ltSo^ii^-b^fflv^ H a H a^Eo 
[05 1 ISJtMWKSIiafrffit;: J: 9 J8I3*i*jKiiS» 
[06 ] £l(M£ffi*Ki*£t;: J: *)$mztihm& 
[07 1 jt*Wfc«& «t 9«a$n-s««at 

[08 1 HttMCffi5Wi#aic J: »)§BaS*i*3e«;» 
(09 j HJ6Wt:«4«3t*afc: J: 

[010] mms-Y<nmmfo*w^ht&><m 
x-hh. 

[011] 7^li^-h^^tt$:I^^5^o0 

x-hh. 

« u-imfanfanmtKLtMX'hz* . 

[fiF^BWHl 
1 n-/HHU& 

4 x-hM 

5 #Ea-/P 

6 i*9n-/P 

7 «fhRfi 

10 msMW 

5 0-9 0 3ft£fftv-h 

10 1 3fc*I8 

102 £fefeX*£ 

103 WfclS 

104 ®mxn 

105 



(7) 
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